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Description 

SEMICONDUCTOR CHIP CAPABLE OF 
IMPLEMENTING WIRE BONDING OVER 

ACTIVE CIRCUITS 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to the field of semiconduc- 
tor integrated circuits (ICs), and more particularly to a 
semiconductor chip capable of employing wire bonding 
over active circuits (also referred to as "BOAC"). 

[0003] 2. Description of the Prior Art 

[0004] Technology improvements continue to drive the evolution 
of integrated circuits toward increased complexity and 
smaller feature sizes. At the same time, chips are being 
designed for wider word systems that require larger num- 
bers of input/output (I/O) connections. For some devices, 
this results in chips that are pad area limited. That is, the 
peripheral area required by the bonding pads defines the 


chip size rather than the smaller area required by the ac- 
tive circuits. These lead to device designs with tighter 
bond pad sizes and pitches and consequently imposes 
constraints on wire bonding. Choices to counteract this 
trend may be more costly area array interconnection solu- 
tions such as bumped chips for flip chip assembly. Wire 
bonding over the active array may provide a preferable al- 
ternative. 

[0005] Bonding pads are typically arranged in rows along four 
chip sides. As known to those skilled in the art, the prior 
art design rules exclude the area covered by the bonding 
pads from use for laying out actual circuit patterns be- 
cause of the high risk of damaging the circuit structures 
due to the unavoidable forces needed in the bonding pro- 
cess. Therefore, there is a strong need to provide an inte- 
grated circuit having a reinforced bonding pad structure 
to counteract mechanical stress exerted thereon, whereby 
protecting the active circuit components situated directly 
under the bonding pads from potential damages during 

bonding. 
Summary of Invention 

[0006] It is therefore the primary object of the present invention 
to provide an improved integrated circuit having a rein- 


forced bonding pad structure capable of implementing 
BOAC, thereby saving valuable silicon area. 

[0007] According to the claimed invention, an integrated circuit 
including a reinforced bonding pad structure is disclosed. 
The reinforced bonding pad structure includes a bondable 
metal layer defined on a stress-buffering dielectric layer, 
and an intermediate metal layer damascened in a first in- 
ter-metal dielectric (IMD) layer disposed under the stress- 
buffering dielectric layer. The intermediate metal layer is 
situated directly under the bondable metal layer and is 
electrically connected to the bondable metal layer with a 
plurality of via plugs that are integrated with the overlying 
bondable metal layer. At least one metal frame is dama- 
scened in a second IMD layer under the first IMD layer. 
The metal frame is situated directly under the intermedi- 
ate metal layer for counteracting mechanical stress trans- 
mitted from the bondable metal layer during bonding. An 
active circuit portion including active circuit components 
of the integrated circuit is situated directly under the 
metal frame of the reinforced bonding pad structure. 

[0008] Other objects, advantages and novel features of the in- 
vention will become more clearly and readily apparent 
from the following detailed description when taken in 


conjunction with tlie accompanying drawings. 
Brief Description of Drawings 

[0009] The accompanying drawings are included to provide a 

furtlier understanding of tlie invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. In the drawings:Fig.l is a schematic 
cross-sectional diagram illustrating pivotal portions of an 
exemplary integrated circuit capable of implementing 
BOAC in accordance with the first preferred embodiment 
of the present invention; andFig.2 is a perspective declin- 
ing side view of a reinforced bonding pad structure in ac- 
cordance with the second preferred embodiment of the 
present invention, in which some dielectric layers are ig- 
nored for the sake of clarity. 
Detailed Description 

[0010] Please refer to Fig.l. Fig.l is a schematic cross-sectional 
diagram illustrating pivotal portions of an exemplary inte- 
grated circuit capable of implementing BOAC in accor- 
dance with the first preferred embodiment of the present 
invention. As shown in Fig.l, the integrated circuit 1 ac- 


cording to the present invention comprises a bonding pad 
area 10 and an active circuit area 12. A bonding pad rein- 
forcement structure 100 is disposed within the bonding 
pad area 10. Portions of the active circuit components 120 
of the integrated circuit 1 are situated directly under the 
bonding pad reinforcement structure 100. By way of ex- 
ample, the active circuit components may include input/ 
output (I/O) devices/circuits, or Electrostatic Discharge 
(ESD) devices/circuits, each of which may further consist 
of a plurality of semiconductor devices, which are fabri- 
cated on a main surface of a substrate 200, for example, 
such as metal-oxide-semiconductor field-effect transis- 
tors (MOSFETs), ion diffusions, etc., and several layers of 
metal interconnections. For the sake of simplicity, an inte- 
grated circuit having six layers of metal interconnections 
is taken as an example and is illustrated in Fig.l. How- 
ever, person skilled in the art will appreciate that the 
number of metal interconnections should not be limited 
thereto. For example, the present invention can also be 
applied in integrated circuits with seven, eight or even 
higher layers of metal interconnections. 
1] In Fig.l, the exemplary six layers of metal interconnec- 
tions are denoted by Ml, M2, M3, M4, M5, and M6, re- 


spectively. The metal interconnection M6 is the top metal 
of the integrated circuit 1. In the active circuit area 12, the 
exemplary six layers of metal interconnections are pat- 
terned to form designed active circuit layouts in respective 
levels, and a plurality of semiconductor devices such as 
MOSFETs, ion diffusions, capacitors, etc., are provided on 
the main surface of the substrate 200. According to the 
preferred embodiment of the present invention, the lower 
five layers of metal interconnections: Ml, M2, M3, M4, 
and M5 are fabricated by standard copper damascene or 
dual damascene techniques. The top metal interconnec- 
tion M6 is fabricated using conventional aluminum (Al) 
system. The metal interconnection Ml is defined in the 
low-k dielectric layer 204 above the dielectric layer 202, 
and is electrically connected to the underlying semicon- 
ductor devices on the substrate 200 through contacts CI 
fabricated in the dielectric layer 202. The dielectric layer 
202 may be silicon dioxide, fluoride silicate glass (FSG), or 
the like. The active circuit 120 directly under the bonding 
pad reinforcement structure 100 includes metal intercon- 
nections: Ml, M2, and M3. In the bonding pad area 10, 
the rest of the metal interconnections: M4, M5, and M6 
are defined to form parts of the bonding pad reinforce- 


ment structure 100. 
[0012] Still referring to Fig.l, the metal interconnection M2 is de- 
fined in the dielectric layer 208 using damascene method 
known in the art to form designed circuit layout within 
both the bonding pad area 10 and the active circuit area 
12. Damascene via devices (V2) for connecting Ml with 
M2 are fabricated in dielectric layer 206. The dielectric 
layers 206 and 208 may be made of the same low-k (or 
ultra low-k; k<2.5) dielectric materials. In some cases, the 
dielectric layers 206 and 208 are made of different dielec- 
tric materials. Depending on the damascene methods, a 
stop layer (not shown) may be interposed between dielec- 
tric layers 206 and 208. Likewise, the metal interconnec- 
tion M3 is defined in the low-k dielectric layer 212 using 
damascene method known in the art to form designed cir- 
cuit layout within both the bonding pad area 10 and the 
active circuit area 12. Damascene via devices (V3) for con- 
necting M2 with M3 are fabricated in dielectric layer 210. 
The dielectric layers 210 and 212 may be made of the any 
suitable low-k (or ultra low-k) dielectric materials. The 
metal interconnection M4 is defined in the low-k dielectric 
layer 216 using damascene method known in the art to 
form designed circuit layout within the active circuit area 


12 and to form a damascened metal frame structure 105 
within tlie bonding pad area 10. Damascene via devices 
(V4) witliin tlie active circuit area 12 for connecting M3 
witli 1VI4 are fabricated in low-l< dielectric layer 214. The 
metal interconnection M5 is defined in the low-k dielectric 
layer 220 using damascene method known in the art to 
form designed circuit layout within the active circuit area 
12 and to form a damascened intermediate metal layer 
103 within the bonding pad area 10. The damascened in- 
termediate metal layer 103 also acts as a bussing metal 
layer. Damascene via devices (V5) within the active circuit 
area 12 for connecting M4 with M5 are fabricated in low-k 
dielectric layer 218. The metal interconnection M6 is de- 
fined on the stress-buffering dielectric layer 222 using 
conventional aluminum wiring method known in the art to 
form designed circuit layout within the active circuit area 
12 and to form a contact pad 101 having a top surface 
area adequate for landing balls of bonding wires or solder 
within the bonding pad area 10. Via devices (V6) within 
the active circuit area 12 for connecting M5 with M6 are 
fabricated in the stress-buffering dielectric layer 220. It is 
one of the pivotal features of the present invention that 
the stress-buffering dielectric layer 222 is made of mate- 


rials that is less porous (denser) than the underlying low- 
k or ultra low-k dielectric layers 202~220, for example, 
silicon dioxide. 

[0013] The contact pad 101 and via plugs 102a and 102b, which 
electrically connects the contact pad 101 with the dama- 
scened intermediate metal layer 103, are formed at the 
same sputtering process. An additional barrier layer (not 
shown) such as tantalum (Ta), titanium nitride (TIN), or the 
like, is not necessary according to this invention, but is 
optional for the purpose of improving adhesion quality 
between the via plug and the damascened intermediate 
metal layer 103 that is made of copper in this preferred 
example. It is also an important feature of the present in- 
vention that the top metal M6 is made of aluminum that is 
different from other layers of metal interconnections 
M1~M5, which are copper damascene system. As shown, 
the entire active circuit area 12 of the semiconductor chip 
1 and a peripheral area of the contact pad 101 within the 
bonding pad area 10 are covered by a passivation layer 
224 such as silicon nitride, polyimide, or the like. 

[0014] As specifically indicated by the dash line region in Fig.l, 
the bonding pad reinforcement structure 100 comprises 
the contact pad 101 that is made of any suitable bondable 


metals or alloys. As aforementioned, the contact pad 101 
and the circuit within the active circuit area 12 at the same 
level as the contact pad 101, which are both disposed on 
the stress-buffering dielectric layer 222, are defined from 
the metal interconnection M6. Therefore, it is one main 
feature of the present invention that the bondable contact 
pad 101 for wire bonding balls and the top layer circuit 
within the active circuit area 12 are made of the same 
metal, preferably aluminum or aluminum/copper alloy. In 
the passivation layer 224, a window 110 is provided to 
expose corresponding contact pad 101. The passivation 
layer 224 may be made of silicon nitride or photo-de- 
finable polyimide. The later may save a photo mask, since 
lithography can be carried out directly on it to form the 
window 110. The aluminum via plugs 102a and 102b also 
contribute to stress buffering and stress transmission 
during bonding. In another embodiment, one side of the 
via plugs 102a and via plugs 102b may be cancelled. A 
dry etching process is first carried out to etch via open- 
ings (not explicitly shown) in the stress-buffering dielec- 
tric layer 222. A conventional aluminum sputtering pro- 
cess is then performed to sputter aluminum into these via 
openings and over the stress-buffering dielectric layer 


222. Conventional lithography and metal dry etching are 
then carried out to form the integrated contact pad 101 
and via plugs 102a and 102b. It is noted that since the 
copper intermediate layer 103 is fabricated by standard 
copper damascene process, a typical barrier layer 104 lin- 
ing the wiring trench surface for preventing copper diffu- 
sion is also indicated in Fig.l. The barrier layer 104 may 
be made of titanium or titanium nitride, but not limited 
thereto. Power, ground, or input/output signals are trans- 
mitted through the contact pad 101, via plugs 102a and 
102b, and copper intermediate bussing layer 103. 
[0015] It is also one pivotal feature of the present invention that 
the bonding pad reinforcement structure 100 further 
comprises a metal frame structure 105 directly under the 
intermediate metal layer 103. The metal frame structure 
105 is damascened in the dielectric layer 216. This metal 
frame structure 105 having four sides (not explicitly 
shown) and dimensions corresponding to the peripheral 
contour of the overlying intermediate metal layer 103 ex- 
hibits unexpected ability in counteracting the mechanical 
stress exerted on the contact pad 101 during bonding. 
Since the metal frame structure 105 is made by standard 
damascene process, a typical lining barrier layer 106 is 


indicated. As aforementioned, the damascened metal 
frame structure 105 of the bonding pad reinforcement 
structure 100 and the 1^4 active circuit patterns within the 
active circuit area 12 are fabricated at the same dama- 
scene process. During bonding, a part of the mechanical 
stress exerted on the contact pad 101 is absorbed by the 
stress-buffering dielectric layer 222 and the aluminum via 
plugs 102a and 102b therein. A part of the mechanical 
stress is effectively counteracted by the damascened 
metal frame structure 105, thereby protecting the under- 
lying active circuit components 120 from potential dam- 
ages such as microcracks. 
[0016] Please refer to Fig. 2. Fig. 2 is a perspective declining side 
view of a reinforced bonding pad structure 100 in accor- 
dance with the second preferred embodiment of the 
present invention, in which like numerals designate like 
elements. For the sake of clarity and to emphasize the 
main skeleton of the reinforced bonding pad structure 
100, some dielectric layers including passivation layer 
224, stress-buffering dielectric layer 222, low-k dielectric 
layers 220, 218, 216, and 214 are ignored in Fig. 2. Ac- 
cording to the second preferred embodiment, as shown in 
Fig. 2, the reinforced bonding pad structure 100 comprises 


a contact pad 101 for landing wire bonding balls, stress- 
buffering dielectric layer (not shown), a plurality of inte- 
gral via plugs 102a and 102b, damascened copper inter- 
mediate layer 103, and two damascened copper frames 
105 and 107 situated directly under the damascened cop- 
per intermediate layer 103. The outer damascened copper 
frame 105 and the inner damascened copper frame 107 
are at the same level and have similar shapes. The outer 
damascened copper frame 105, which encompasses the 
inner damascened copper frame 107, has four sides (not 
specifically denoted) and dimensions corresponding to the 
peripheral contour of the overlying damascened copper 
intermediate layer 103. The double-frame structure rein- 
forces the strength of the low-k dielectric layer 216 con- 
strained by the double frames 105 and 107 for resisting 
bonding stress. In another embodiment, the number of 
damascened metal frames may be three or even higher. In 
most cases, one or two frames are adequate. 
[0017] Those skilled in the art will readily observe that numerous 
modification and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 


